Clostridium difficile infection (CDI) is a major hospital-acquired infection that results in 500,000 cases and 29,000 deaths each year in the United States. [1] [2] [3] Prevention of C difficile transmission in health care settings is essential.
The Centers for Disease Control and Prevention recommend health care workers use personal protective equipment (PPE) when caring for patients with CDI. However, their guidelines make no specific recommendations for visitors' use of PPE and note recommendations may vary by facility and be determined based on the level of visitor-to-patient interaction. 4 The Society for Healthcare Epidemiology of America recommends requiring visitors to use PPE if the policy can be effectively implemented. 5 The ambiguity in these guidelines stems from a lack of studies on PPE use for CDI patient visitors, because most existing studies have focused on health care workers. However, 1 large statewide study of visitor PPE use found that only 14% of surveyed North Carolina hospitals monitored visitor compliance. Twenty-eight percent of these hospitals also reported difficulty achieving visitor compliance. 6 We conducted a qualitative study to evaluate visitors' compliance and perceptions of PPE use.
METHODS
The study was carried out over 3 months at a 505-bed Midwestern tertiary care hospital. The facility places all CDI patients under contact precautions. At any given time, approximately 10% of hospitalized patients are on contact precautions, although not all for CDI. Only visitors of suspected or confirmed CDI patients were eligible for participation. We surveyed visitors of adult inpatients selected randomly from the hospital's list of patients with confirmed or suspected CDI. The project was considered quality improvement and exempt from institutional review board approval.
If a visitor was present in the selected CDI patient's room, a trained interviewer entered the room, provided a description of the study, and obtained verbal consent from the patient and visitor. Field notes were taken regarding the hospital unit, time of day, type of isolation, visitor's relationship to the patient, and PPE compliance.
A qualitative, open-ended, interviewer-administered survey was to ascertain visitor knowledge and perceptions of enhanced contact precautions (Supplementary Appendix S1). Alternate wording and skip logic were used to allow the questions to vary based on visitors' PPE compliance. Of note, enhanced contact precautions include hand hygiene with soap and water and environmental cleaning with a sporicidal product. Because this project focused on PPE, we have stated contact precautions in the text.
The survey was developed using the Systems Engineering Initiative for Patient Safety (SEIPS) conceptual framework. This model demonstrates how the work system affects patient outcomes by examining complex interactions through a human factors engineering lens. 7 The model has been used as the conceptual framework in >50 studies, including several focused on infection control. 8 After data collection, field notes and survey responses were reviewed using the SEIPS framework. All open-ended responses were coded into 1 of the 5 SEIPS work system components: task, person, physical environment, tools and technology, and organization. The content was then further categorized based on the overarching theme, and descriptive analyses were performed. For example, when evaluating the question assessing motivation for glove usage, responses were categorized into health care worker, signage, and other factors. For cases in which a participant's response met criteria for >1 answer category, the response was counted in both categories.
RESULTS
Most study participants were family members (28/31, 90%), with spouse being the most common relationship (12/30, 40%). Most participants (22/31, 71%) had previous experience visiting a patient in contact precautions.
Full PPE compliance, defined as wearing both gown and gloves at the time of the interview, was the principle SEIPS process measure evaluated. Forty-two percent of participants were fully compliant with contact precautions (Table 1) . Compliance and perceptions regarding the individual use of gown or gloves were related to the SEIPS task element. Among visitors wearing PPE, most wore gloves or gowns because they were told to do so by nursing staff, with door signage reported as the second most common reason (Table 1) : "[Staff PPE use] made me more aware and increased the second nature of the request." However, health care worker actions were also a motivating factor for noncompliance: "I started to see that the hospital staff wasn't gowned and gloved, and I was never really told to wear it, so I stopped."
Visitor's PPE knowledge was considered under the SEIPS person element. Many visitors reported that gowns and gloves were necessary to prevent spread of infection (Table 1) , because the patient they were visiting was confirmed to have an infection or was being tested for a suspected infection. However, a few participants felt that the protective effect was limited for family members. "I thought they [gowns] were necessary for others, but we live together, so I probably have whatever he has." Heat and discomfort were the biggest reported barriers to PPE compliance.
The SEIPS physical environment construct was evaluated via visitors' knowledge of the location of PPE. Most visitors were aware of PPE locations. Nursing staff was the most common source of this information (Table 1) : "It's [PPE] all pretty easy to find, once you ask the nurse or something." All visitors but one agreed there was adequate access to PPE.
Questions regarding PPE comfort and accessibility measured the SEIPS component of tools and technology. Most (25/31, 81%) felt that nothing could be changed to improve PPEs: "They have to be barriers. They have to be hot." However, there were several suggestions that posting information near PPE with an explanation about how to put on PPE and why it is needed would be beneficial. Language about latex gloves should also be explicit, in case a visitor has allergy concerns.
DISCUSSION
We found that despite signage and a readily available PPE supply, only 42% of surveyed visitors were fully compliant with gowns and Hospital has adequate access to PPE (n = 31) 30 (96.8) Gowns are necessary to prevent the spread of infection (n = 32)* 24 (75.0) Gloves are necessary to prevent the spread of infection (n = 33)* 21 (63.6) Directionality of perceived gowning impact (n = 32)* Gowns limit infection spread to others 12 (37.5) Gowns limit infection spread to patients (or into patient rooms) 4 (12. NOTE. Values are n (%). PPE, personal protective equipment. *A total of 31 participants participated in the study. For cases in which a participant's response met criteria for >1 answer category, the total number of responses exceeded the number of participants answering the question.
gloves. This level of compliance is consistent with other observational studies. 5, 6 Health care worker practices and instructions, either to wear or not wear the PPE, played a key role in determining visitor compliance outcomes. Therefore, our data suggest a need to educate health care workers on the importance that their behavior has for downstream visitor contact precautions compliance and to encourage them to model PPE use and educate visitors directly. Emphasizing that PPE protects both visitors and other patients may motivate visitors to comply.
Limitations of our study include a small sample size and a single site. Future studies should extend to hospitals with varying visitor policies, health care worker workflows, and systems of enforcement.
Our study demonstrates room for improvement regarding visitor compliance and knowledge of contact precautions. Implementation of educational programs for health care workers and visitors would likely contribute to increased compliance with PPE.
